Staphylococcus aureus strains isolated from children with scalded skin syndrome (15 with generalized exfoliative syndrome, 28 with bullous impetigo, and 17 with staphylococcal scarlet fever). All strains isolated from patients with generalized exfoliative syndrome or bullous impetigo produced ETA and/or ETB and caused a Nikolsky's sign when injected subcutaneously into newborn mice. In contrast, exfoliative toxin was detected in an S. aureus strain from only one of 17 cases of staphylococcal scarlet fever; the 16 other S. aureus strains produced TSST-1 and/or an enterotoxin. In conclusion, enterotoxins or TSST-1 are more frequently associated with staphylococcal scarlet fever than are exfoliative toxins. Hence staphylococcal scarlet fever may well represent an abortive form of toxic shock syndrome rather than a milder form of staphylococcal scalded skin syndrome.
Staphylococcal TSS was described in 1978 [18] . The most Staphylococcal scalded skin syndrome (SSSS) and staphylococcal toxic shock syndrome (TSS) are two distinct toxincommon TSS toxin, TSST-1, is responsible for the majority of the TSS cases; the remainder are associated with enterotoxin mediated diseases with very prominent cutaneous features. SSSS, first described in 1956 [1] , is a generic term applied to B (SEB) and, less commonly, enterotoxins A, C, D, or E (SEA to SEE) [11 -13] . Definite diagnosis of TSS ( [2] . Two human variants of the toxin, the exfoliative toxins A and tion, and clinical or laboratory abnormalities of §3 organ systems) [19] . It is likely that TSS of lesser severity (sometimes B (ETA and ETB) [3] , and one variant produced by an equinederived strain of S. aureus have been described [4] . These designated as abortive TSS, mild TSS, or probable TSS) occurs in patients who do not meet diagnostic criteria, such as hypoexotoxins induce pathological changes in the epidermidis that closely resemble a scald caused by boiling water, hence the tension and multiorgan involvement, but for whom there is no other explanation for their illness [20 -24] . In this respect one name SSSS.
Histologically, these toxins cause intraepidermal cleavage might reflect on the clinical similarities between staphylococcal scarlet fever and the scarlet-like epidermal appearance prethrough the granular layer without damage or alteration of the keratinocytes; bullae formation; and slippage of the upper sented in abortive cases of TSS [25] . Our report describes the production of staphylococcal toxins epidermal layer with the application of gentle pressure (a positive Nikolsky's sign). The clinical response to these exotoxins by S. aureus strains isolated from patients with SSSS. Strains from patients with generalized exfoliative syndrome and bulis varied [5 -7] . Thus, the manifestations of SSSS include several primarily age-dependent presentations (table 1): (1) a genlous impetigo were shown to produce either ETA or ETB, whereas those from patients with staphylococcal scarlet fever eralized exfoliative syndrome seen in newborns (Ritter's disease) and children and occasionally in adults [14, 15] ; (2) most frequently produced TSST-1 or SEA to SED and very rarely an exfoliative toxin. We therefore propose that staphylobullous impetigo, a localized pustulosis, in children; and (3) staphylococcal scarlet fever, a generalized erythematous rash coccal scarlet fever should not be classed as a form of SSSS but as an abortive form of TSS or as a separate syndrome. [16] . These three presentations were grouped as manifestations of one syndrome, SSSS, when it was demonstrated that strains of S. aureus isolated from such patient groups could cause exfoliation in neonatal mice [17] .
Materials and Methods
Characteristics of patients. All cases of SSSS referred to the French National Reference Center for Staphylococci (Lyon, Characterization of toxin production by S. aureus isolates. Isolates of S. aureus recovered from patients with SSSS were generalized exfoliative syndrome, 28 of bullous impetigo, and 17 of staphylococcal scarlet fever. Twenty cases with unclear studied for in vitro production of enterotoxins SEA to SEE in culture supernatants by an EIA kit (Ridascreen, R-Biopharm clinical characteristics were excluded. The 60 SSSS cases involved 33 males and 27 females. The mean age of the patients GmbH, Darmstadt, Germany) as recommended by the manufacturer [27] . Toxin-specific genes -tst, eta, and etb encoding with generalized exfoliative syndrome was 1.5 years, with a median of 1 year (range, 23 days to 6 years); with bullous TSST-1, ETA, and ETB, respectively -were detected by PCR amplification. In brief, genomic DNA was extracted from impetigo, the mean was 2.1 years, with a median of 1 year staphylococcal cultures [28] and used as template for amplifi-(range, 12 days to 7 years); and with staphylococcal scarlet cation using primers and thermal profiles previously shown to fever, the mean was 2.6 years, with a median of 2 years (range, be specific for tst, eta, and etb [29] . The PCR products were 1 month to 8 years). The median ages in the three groups were then resolved by electrophoresis through 1.5% agarose gels not significantly different (Student's t-test).
(Sigma, Saint Quentin Fallavier, France), followed by ethidium Staphylococcal strains. Eighty-five S. aureus isolates were bromide staining and analysis. obtained from the 60 patients with SSSS. S. aureus strains Experimental models. One-tenth of a milliliter of S. aureus from patients with generalized exfoliative syndrome were culculture to be tested was injected subcutaneously into the nape tured from the skin surface and/or distant sites such as the of the neck of newborn mice (i.e., õ5 days old). A positive throat, nose, eye, and ear (table 2); those from patients with response, indicating the presence of exfoliatin activity in the bullous impetigo were isolated mainly from bullous lesions preparation, was the development of extensive splitting of the and only rarely from distant sites. Strains from patients with epidermis (Nikolsky's sign) within 2 hours of injection [6] . staphylococcal scarlet fever were isolated from a number of different sites, including blood, skin, throat, and soft tissues. When multiple isolates from a patient were available, they were Results typed by means of phage and serotyping techniques [26] . A single isolate was included when strains from one patient were All 60 isolates were confirmed as S. aureus and were positive considered identical, to avoid redundancy. Identities of isolates for the production of one or more staphylococcal exotoxins. Of the 15 isolates from patients with generalized exfoliative were confirmed as S. aureus by their ability to coagulate ci-/ 9c40$$de10
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Throat, skin (impetigo) ETA / ETB / NOTE. All toxins were detected by EIA except for ETA, ETB, and TSST-1, which were detected by PCR assay of the corresponding genes. ETA and ETB Å exfoliative toxins A and B; ND Å not determined; SEA -SED Å staphylococcal enterotoxins A -D; TSST-1 Å toxic shock syndrome toxin. and/or enterotoxin production. This is in accordance with a previous report of two cases of tst and produced SED (table 2) . No SEE production was detected in any of the 60 isolates. Only 1 of the 17 strains isolated staphylococcal scarlet fever associated with the isolation of S. aureus producing enterotoxin B or C but no other exotoxins from patients with scarlet fever was associated with a positive Nikolsky's sign. This strain also carried eta and etb genes, thus [10] . Findings in this study suggest that in the great majority of cases, toxins involved in staphylococcal scarlet fever are producing exfoliative toxins ETA and ETB.
not exfoliative toxins (ETA or ETB) but TSST-1 and/or other enterotoxins, both of which are also responsible for TSS. ToDiscussion gether these studies strongly suggest that staphylococcal scarlet fever conforms more to the diagnosis of the abortive forms of SSSS characteristically manifests itself in newborns and infants as a generalized exfoliative syndrome, in children of TSS rather than a mild form of SSSS.
As with streptococcal scarlet fever, a strawberry tongue with school age as staphylococcal scarlet fever, and in patients at any age as bullous impetigo [30] . However, in the present pharyngeal hyperemia is usually present in abortive forms of TSS [20, 24, 34] and has also been associated with earlier study, the difference in age between the three groups is not statistically significant. Three of the 60 cases of SSSS complidescriptions of staphylococcal scarlet fever [7, 30, 35] . Consistent with this, a strawberry tongue was present in the two cases cated varicella, as previously reported by several authors [10, 31, 32] . We confirm that all S. aureus strains isolated in of staphylococcal scarlet fever reported by Brook and Bannister [10] , in which enterotoxin production alone was also clearly association with a generalized exfoliative syndrome or bullous impetigo produce exfoliative toxins exclusively, whether detected. In our study the appearance of strawberry tongue was not systematically recorded by clinicians in the patients' they be ETA, ETB, or both simultaneously [30] , and in all cases tested a positive Nikolsky's sign was seen. Only two records, but it was mentioned in at least five of the 17 cases of staphylococcal scarlet fever (data not shown). strains of the 43 isolates associated with these syndromes produced additional toxins other than exfoliatins; one strain Classically, the erythroderma associated with TSS most often involves flushing of the skin and not the fine papular scarlatiniwas shown to concomitantly produce ETA and enterotoxin SEA, while another was shown to produce both TSST-1 and form rash associated with streptococcal or staphylococcal scarlet fever [17, 20, 36] . However, we were unable to make any ETA. Both were isolated from patients with bullous impetigo (table 2) . Of the 28 strains isolated from patients with bullous distinction between these two types of rash in our reported cases. Conversely, desquamation in those patients with staphyimpetigo, all but four strains were recovered only from epidermal bullae.
lococcal scarlet fever was restricted to the palms and soles, typical of TSS. No signs of shock were present in any patient, Previous studies have shown similar patient groups to have circulating antibodies capable of neutralizing the exfoliative and the absence of multisystem dysfunction was defined clinically and on the basis of normal liver and renal function tests. toxins and thus limiting disease to superficial infection and toxin production [30] . Conversely, strains from patients with Hyperleukocytosis with an increase in polymorphonucleocytes is usually present. generalized exfoliative syndrome were isolated not only from sites of focal S. aureus infection but also from colonized As mentioned earlier, skin rash is a common symptom of both TSS and SSSS (except in cases of bullous impetigo). In nasopharyngeal and ocular sites. According to one author [17] , in nonimmune patients the toxin is usually absorbed fact, the staphylococcal toxins involved in these syndromes are immunostimulatory molecules called superantigens because of and transported systematically to subepidermal layers of the skin, where it manifests its pathological effect. Hence, infants their ability, when presented by major histocompatibility complex class II accessory cells, to stimulate large populations of with generalized exfoliative disease have detectable circulating exfoliative toxin and lack specific neutralizing maternal T cells bearing particular T-cell receptor V beta gene segments and to activate cytokine release from monocytes/macrophages antibody [30] .
Staphylococcal scarlet fever was first described over 70 years [37, 38] . Moreover, these superantigens, via stimulation of interleukin 12 production, have in common the capacity to induce ago [33] and has been tentatively considered as a milder manifestation of SSSS, caused by the systemic diffusion of exfolia-T cell expression of the skin-selective homing receptor (cutaneous lymphocyte-associated antigen), which may contribute tive toxins [30] . However, there are very few reports in the literature analyzing the production of toxins by isolates causing to the T lymphocyte infiltration and inflammation of the skin [39, 40] . Hence, in staphylococcal scarlet fever, the action of scarlet fever. One report noted that isolates from eight patients with staphylococcal scarlet fever (including three epidemiologtoxins seems to be limited to skin infiltration with activated T cells and to the development of fever, which may result from ically related patients) caused skin exfoliation when tested in animal models [2, 9] . However, in contrast to this finding, we cytokine production or from the direct effect of superantigens on the hypothalamus exclusively exotoxins (ETA and ETB), and those produced by
